The latest data from Planck collaboration has presented an improved sensitivity limit of the sum of neutrino masses (Σ), Σ < 0.17eV at 95% confidence level (CL). On the other hand, the updated global fits of neutrino oscillation have shown a refined range of atmospheric mixing angle θ 23 at the same CL. In the light of these observations, we have re-investigated the five viable cases ( B 1,2,3,4 and C) of texture two zero Majorana mass matrix in the flavor basis. Using the present Planck's data, we have demonstrated that only cases B 2 and B 4 are now viable for normal mass ordering, while remaining three cases does not meet the present experimental constraints at 2σ CL. The viable cases are also found to be in agreement with the latest T2K, Super-Kamiokande and NOνA results, indicating the preference for normal neutrino mass ordering (m 1 < m 2 < m 3 ), a maximal Dirac CP-violating phase (δ ≃ 270 0 ), and upper octant of neutrino mixing angle (θ 23 > 45 0 ). In addition, the implication of Σ on neutrinoless double beta decay is studied for viable cases.
Introduction
Neutrino physics, at present, is going through the precision era as far as the physical parameters are concerned. In this regard, some notable progress has been seen in the recent past years, which, at higher confidence level (CL), triggers optimism in the lepton sector. Thanks to three leading reactor neutrino experiments, Daya Bay, Double Chooz and RENO, the smallest mixing angle θ 13 , also known as, reactor angle, is measured at a precision level of 10% [1] [2] [3] [4] [5] , which, in turn, not only open up the possibilities to explore the leptonic CP violation, but also helps to pin down the octant of atmospheric mixing angle θ 23 [6] , which may be either θ 23 > 45 0 or θ 23 < 45 0 or even maximal (i.e. θ 23 = 45 0 ). The T2K, Superkomiokande and NOνA experiments [7-10, 12, 13] , in the recent past years, have shown some significant improvements regarding the Dirac CP violating phase (δ), which is the measure of leptonic Dirac CP violation. The up-to-date data available from these experiments favors the maximal CP violation, |sinδ| ∼ 1, with a significant preference for sinδ < 0. Referring to the updated global analysis [9] , δ is found to be constrained within ∼ 15% (∼ 9%) uncertainty in the normal mass ordering (NO) (inverted mass ordering (IO)) around near maximal CP violating values, δ ≃ 270 0 , while δ ≃ 90 0 is now excluded at more than 4σ CL. The latest result obtained from NOνA experiment also provides strong indications regarding the octant of θ 23 , excluding the maximal value of θ 23 , i.e. θ 23 = 45 0 , at 2.6σ CL [7] . The global analyses of neutrino oscillation reported in [8] [9] [10] , indicate a slight preference for the upper octant (θ 23 > 45 0 ) at < 2σ CL, although both the octants are still favored at 3σ CL. In addition, for the first time, a considerable preference for NO over the IO has been reported at 3σ CL [8, 9] , with the help of a coherent contribution from various data sets. The statistical data basically come from long-baseline accelerator experiments, and their interplay with short-baseline reactor experiments, where mass-ordering effects can be understood in terms of θ 13 [8] . The new data from T2K and NOνA experiments, possibly combined by the collaborations themselves [11] , will further test the current trend favoring NO over IO in the present data sample.
Apart from the significant progress shown regarding the neutrino oscillation, a new cosmological data from Planck collaboration [14] has presented a refined limit,
on sum of the neutrino masses (Σ). The above limit has been obtained in the framework of three degenerate neutrino masses, and a ΛCDM model. The analysis has been done using the combination of the Planck temperature power spectrum with Planck polarization, and the Baryon Acoustic Oscillation data. On the other hand, KamLAND-Zen experiment has found an improved limit for neutrinoless doublebeta (0νββ) decay [15] , as |M| ee < (0.061 − 0.165)eV at 90% (or < 2σ) CL, where 
The effective mass, in Eq. (2), is just the absolute value of M ee component of the neutrino mass matrix. The observation of 0νββ decay, in future, would determine the Majorana nature of neutrinos. For updated reviews on 0νββ decay see Refs.
[ [16] [17] [18] [19] . The above statistical data from different neutrino experiments is taken at considerably higher CL, and hence appears to be promising as far as exploring the flavor structure of neutrino mass matrix is concerned. The construction of mass matrix is necessary for model building, which, in turn, may unravel the underlying dynamics of neutrino masses, mixing and CP violation. In this context, the texture zero approach has been widely followed in the literature. In particular, texture two zeros have been relatively more successful in both flavor as well as in non flavor basis [20] [21] [22] [23] [24] [25] [26] . Apart from higher predicting power among the textures zeros, two zero mass matrices, in the flavor basis, can easily result from underlying flavor symmetries [27, 28] and, in addition, can be realized within the framework of the see-saw mechanism [28, 29] . Moreover, they can, also, be obtained in the context of GUTs based on SO(10) [30] . Thus, the study of texture two zeros is highly motivated on theoretical fronts.
The present neutrino oscillation data allows only seven out of total fifteen cases of texture two zero mass matrices at 3σ CL, as also shown in earlier Refs. [21] [22] [23] [24] [25] [26] . From the analysis, only five of them are found to exhibit a quasi degenerate neutrino mass spectrum [22, 23] . Following the nomenclature of Ref. [21] , we present these cases below:
Here, the "×" denotes non-zero element.
The purpose of the present work is to upgrade the analysis of D. Meloni et al. [24] for texture two zero mass matrices in the light of latest neutrino oscillation data, Planck collaboration data as well as KamLAND-Zen Data. In the light of earlier Planck's result [31] , D. Meloni et al. have carried out the detailed analysis of five cases (B 1,2,3,4 , C) of two zero Majorana mass matrix at 1σ CL. However, the improved limit of Planck's satellite data as well as the updated global fit analysis of neutrino oscillation warrant the re-examination of texture two zero cases. Among the five cases, we find that only two (B 1 , and B 3 ), for NO, are now compatible with the new data at 2σ CL, while remaining cases are now ruled out at the same level. To this end, we have explicitly shown the incompatibility of the cases through the correlation between Σ and θ 23 . In comparison with the analysis of D. Meloni [24] , our predictions remain valid at 2σ CL. In addition, the phenomenological results of the viable cases are found to be in agreement with the results obtained from T2K, SuperKamiokande, NOνA experiments as well as KamLAND-Zen experiments. Earlier in Ref. [21] , R. Verma has carried out the analysis for Fritzsch-like texture four-zero lepton mass matrices, in the light of these experimental results.
The rest of the analysis is organized as follows: In Section 2, we discuss the methodology used to reconstruct the neutrino mass matrix and texture two zero conditions. In Section 3, we present the numerical analysis using some analytical relations and correlation plots. In Section 4, we summarize and conclude our work.
General Formalism
The effective Majorana neutrino mass matrix (M ν ) contains nine parameters comprising three neutrino masses (m 1 , m 2 , m 3 ), three mixing angles (θ 12 , θ 23 , θ 13 ) and three CP violating phases (δ, ρ, σ), can, in general, be expressed as
where U denotes a 3 × 3 unitary matrix consisting of three flavor mixing angles (θ 12 , θ 23 , θ 13 ), and one Dirac CP violating phase (δ). P = diag(e iρ , e iσ , 1), is a diagonal phase matrix containing two Majorana CP-violating phases (ρ, σ). The neutrino mass matrix M ν can be re-written as
where
For performing the present analysis, we consider the following parameterization of U [22] : 
where, c ij = cos θ ij , s ij = sin θ ij . Using Eq. 6, any element M ab in the neutrino mass matrix can be expressed as
For texture two zero, we consider only two elements of M ν to be zero, simultaneously. Hence we obtain two constraints from Eq. 8. Using them, we can derive the neutrino mass ratios (α, β) in terms of mixing matrix elements [22] . The three neutrino masses (m 1 , m 2 , m 3 ) can then be determined in terms of α, β as
where δm 2 denotes the solar neutrino mass squared difference. Using Eq. 9, we can express Σ in terms of m 1 , m 2 , m 3 as
The 
Eqs. 10 and 11 will help to understand the phenomenological results of the present analysis.
Numerical analysis
In Table 1 , we present the updated experimental data regarding the neutrino oscillation parameters at 1σ, 2σ and 3σ CL, respectively. For carrying out the present analysis, we scan the input neutrino oscillation parameters (θ 12 , θ 23 , θ 13 ) and the mass squared differences (δm 2 , ∆m 2 ) by allowing their random variation within their 3σ CL ranges. The Dirac CP violating phase δ is allowed to vary from 157 0 to 349 0 for NO and 202 0 to 349 0 for IO, respectively. Before discussing further, we again emphasize here that all the seven texture zero cases are still allowed at 3σ CL. The present study only focuses on five texture zero cases (B 1,2,3,4 , and C ), which entail the quasi-degenerate neutrino mass spectrum. This is because the recent planck's limit has been obtained in the degenerate scenario of three neutrino masses.
In the light of latest Planck results, we explicate the phenomenological result through the correlation between Σ and θ 23 for the present cases. In addition, we also provide the same correlations for relatively higher limit, Σ < 0.23eV , as obtained in earlier planck's data [31] . The reason to do so is to compare the implications of both the limits for texture two zero cases. The correlation plots of Σ and θ 23 for all the five viable cases, have been complied in Figs. 1, ??, 2, 3,4 .
Further, we provide the approximate analytical relations of Σ, as function of θ 23 using Eq.10. With the help of these expressions, we attempt to show analytically why a particular case is ruled out. In order to understand the implication of Planck's limit on 0νββ decay, we relate the |M| ee with Σ analytically for present cases. The correlation of |M| ee with Σ have been encapsulated in Fig.? ? for viable cases. The details of the analysis are presented as follows:
For cases B 1 and B 3 , the approximate neutrino masses (m 1 , m 2 , m 3 ) can be expressed in the leading order of s 13 as [23] 
Using Eqs. 12 and 13, we can find Σ in terms of θ 23
Using the neutrino oscillation data at 2σ level, we find, Σ min = 0.24eV for NO. 
Using Eqs. 15 and 16, we can write
Taking into account the 2σ range of neutrino oscillation parameter [ Table 1 ], we find, Σ min = 0.154eV for NO, which lies in the range of planck's limit. In Fig.  ? ?, we present the correlation between Σ and θ 23 for case B 2 . In Fig. ??(a,c) and ??(b,d), we intend to compare the implication of Planck's limits for case B 2 . We find that although both the limits allow the parameter space of θ 23 , however for Σ < 0.17eV , parameter space for the same is now reduced to an appreciable extent. From Eq.17, Σ min = 0.24eV for IO, which lies outside the Planck's limit. Earlier, D. Meloni et al. [24] have also pointed out the similar predictions for case B 2 and B 4 at 1σ CL. In comparison with their results, our numerical result is compatible at relatively higher CL, and also the available parameter space of θ 23 for NO, is more constricted in our analysis. Similar phenomenological results can be obtained for case B 4 for both NO and IO. The correlation plots have been complied in Fig. 3 for the sake of completion. For cases B 2 and B 4 , we can relate the effective mass |M| ee in terms of Σ and θ 23 using Eq.11
The above relation has been obtained in leading order term of θ 13 . Using the best fit of θ 23 , θ 23 = 47.7 0 we find, |M| ee < 0.0684eV . The predicted bound for |M| ee is found to be very close to KamLAND-Zen experiment limit for |M| ee , (i.e. |M| ee ≤ 0.06eV [15] ). The strong correlation between Σ and |M| ee also verifies this prediction on |M| ee [ Fig. ?? (a) ]. The upper limit found here for case B 2 is consistent with the result obtained in Ref. [32] . Similar phenomenological predictions have been observed for case B 4 .
In Table 1 This new result automatically excludes the parameter space around δ ≃ 90 0 , and allows δ ≃ 270 0 for cases B 2 and B 4 . In comparison with the earlier analyses [24, 25] , our results for δ exactly overlaps with the recent global best fits [ Table 1 ], and are also applicable at significant CL.
In the present scenario of analysis, the viable cases B 2 and B 4 seem to be very interesting since they simultaneously incorporate the updated T2K, SuperKamiokande and NOνA results. The combined results favor the NO ( m 1 < m 2 < m 3 ), δ ≃ 270 0 and θ 23 > 45 0 at higher CL. Earlier in Ref. [25] , S. Zhou also predicts the consistency of these cases with T2K, Super-Kamiokande and NOνA results at 1σ CL.
The phenomenological implications of B 2 and B 4 are almost similar regarding the neutrino mass ordering, octant of θ 23 and Dirac CP-violating phase (δ), therefore it seems to be difficult to differentiate them at low energies. To this end, the precise measurement of δ may play a pivotal role to distinguish these cases. Further, it may be possible that the phenomenological predictions for these cases come out to be different for the flavor models at high energy scale.
For case C, we can rewrite the expressions for Σ, as presented in [24] As pointed out by D. Meloni in Ref. [24] , NO is ruled out at 2σ level, our results also remain consistent with it. For sake of completion, we have shown the correlation between Σ and θ 23 for NO Fig. 4(a) ].
Using the 2σ range of updated neutrino oscillation parameters, it is found that case C is now ruled out for IO. To comprehend this result, we have presented the comparison, considering the two planck's limit, Σ < 0.17eV and Σ < 0.23eV respectively, at 2σ CL [Figs. 4 (b,c) ]. The correlation between Σ and θ 23 clearly excludes the allowed parameter space for Σ < 0.17eV at 2σ CL. Hence the present refinement in θ 23 and Σ leads to incompatibility of case C for IO. In Table 2 , we have encapsulated the current status of texture two zero cases as well as the predictions on Σ, |M| ee , δ in light of latest experimental data at 2σ CL.
Summary and Conclusions
To summarize our discussion, we have presented the complete analysis of texture two Majorana mass matrices in the light of the combined results of latest neutrino oscillation experiments, Planck's collaboration as well as KamLand-Zen experiments. For the analysis, we have considered only five out of seven cases, which entail the quasi-degenerate mass spectrum. Among the five cases, only two cases (B 2 , and B 4 ) with NO, are found to be consistent with the combined data, while remaining three cases (B 1 , B 3 and C) are now ruled out for both NO and IO at 2σ CL. More significantly, the phenomenological results of the viable cases remain in tune with current observations of T2K, Super-Kamiokande and NOνA experiments. In addition, for viable cases, the predictions for effective mass term |M| ee is also found to be consistent with the latest KamLAND Zen limit on the neutrinoless beta decay.
To conclude our discussion, we would like to say that these predictions are exciting as far as the present experimental scenario is concerned. The further progress and precision in the statistical data from long baseline experiments, cosmological as well as KamLand-Zen experiments could help us to validate these predictions regarding the texture two zero at a significantly higher confidence level. This, in consequence, can give us a new insight into the structure of lepton mass matrices, and possibly helps us to throw some light on the origin of neutrino masses and dynamics of flavor mixing and leptonic CP violation. 
